This paper reports results on the acquisition of the English /s/ -/z/ phonemic contrast by native speakers of Spanish. The central finding is that some of the research participants exhibited a covert contrast between these segments in their interlanguage productions. Acoustic analysis revealed that four of the participants produced a statistically reliable distinction between English [s] and [z], however, this difference was not perceived by the transcribers who were phonetically trained, native speakers of English. The existence of a stage of covert contrast in L2 phonology is eminently plausible, given the progressive nature of phonological acquisition, and brings the learning of second-language contrasts into conformity with findings in the areas of L1 acquisition and phonologically disordered speech.
Introduction
Over the last few decades, research on the acquisition of target language (TL) sound patterns by second language (L2) learners has relied almost exclusively (studies such as Flege 1987 notwithstanding) on impressionistic, phonetic transcriptions to document the learners' progress in acquiring the TL phonology (Altenberg & Vago 1983; Broselow, Chen & Wang 1998; Carlisle 1998; Eckman 1981; Eckman & Iverson 1994; Flege 1987; Hammerly 1982; Major 1994; Ritchie, 1968 ; among many others). These transcriptions have constituted the data for determining the nature of the interlanguage (IL) phonological system being acquired by the learners. In many cases, the transcriptions have shown extensive neutralization of the TL contrasts being learned; in other words, the transcribers did not perceive a distinction in some of the sounds that the research participants were producing.
Until some thirty years ago, there was also this same reliance on phonetic transcriptions in research on child-language (L1) acquisition. However, since seminal work in this area by Macken and Barton (1980) , numerous studies on both normal acquisition of their native phonology by children and on children with phonological disorders have shown that the participants often produce contrasts that are not perceived by the adult listeners/transcribers (Forrest, Weismer, Hodge, Dinnsen & Elbert 1990; Gierut & Dinnsen 1986; Macken & Barton 1980; Maxwell & Weismer 1982; Scobbie, Gibbon, Hardcastle & Fletcher 2000) . This phenomenon, in which L1 learners produce a statistically reliable distinction between sounds that is not perceived by adults, whether phonetically trained or not, is known as covert contrast (as opposed to overt contrast, which is perceived by transcribers). To paraphrase Scobbie (1998) , the idea behind covert contrasts is that the phonological system of a language may be acquired independently of how that system is implemented phonetically. We will have more to say on this matter below.
The purpose of the present paper is to report preliminary findings of an ongoing investigation into the acquisition of L2 phonemic contrasts. The case at hand centers on the acquisition of the English phonemes /s/ and /z/, as in sip versus zip, respectively, by native speakers of Spanish. Though [s] and [z] both occur in Spanish, these sounds are allophones of the phoneme /s/, with [z] occurring only before voiced consonants within the same word or phrase, as in mi [z] mo 'same' and la [z] gatas 'the (female) cats. ' This distribution motivates a rule (or constraint) to the effect expressed in (1) below.
(1) Spanish allophonic pattern of s-voicing /s/ → [voice]/___ [consonantal, voice] The implementation of this process is variable, however, in that whether it takes place is an apparent function of the rate of speech (Harris 1969; 1983) , faster speech favoring voicing; another aspect of the rule's variability is that it is optional (Hualde 2005) . And inasmuch as voice onset time (VOT) is a continuum, the degree or extent of the assimilatory voicing itself has been observed to be gradient rather than categorical, ranging from partially voiced [s̬ ] through weakly voiced [ ] to thoroughly voiced [z] (Bradley & Delforge 2006; Garcia 2013; Martínez-Gil 2003) . 1 As we will suggest below, such variation and gradience appear also to influence the English productions of our Spanish-speaking research participants, some of whom produced a covert, rather than overt, contrast between English /s/ and /z/. We present an acoustic analysis of their utterances showing that four of the fourteen participants produced a reliable distinction between these fricatives that was not perceived by the native-speaker transcribers. The paper proceeds as follows. In the next section, we place our study in context by reviewing some of the literature on covert contrasts in the acquisition of English by children who acquire their native language without problems (i.e., normal acquisition), and by children who are phonologically disordered. In accordance with some of our recent work on the acquisition of L2 phonemic contrasts (Eckman & Iverson 2013; Eckman, Iverson, Fox, Jacewicz & Lee 2011) , we then present a hypothesis about the role played by s-voicing for Spanish speakers learning English. This is followed by a description of the methodology by which the data were gathered and the reporting of the results as they bear on the hypothesis. We conclude with a discussion of our findings in light of the hypothesis, and with a view toward some pedagogical implications for teaching TL phonemic contrasts.
Background

Covert contrast
Although earlier research had foreshadowed the idea that children acquiring their native phonology were making statistically significant distinctions that were not being perceived by adults (Kornfeld & Goehl 1974; Ohala 1974; Smith 1979) , the article by Macken and Barton (1980) is generally cited as being the seminal study to report the stage of a covert contrast in the acquisition of phonology by children. Theirs was a longitudinal study of the acquisition of the English voice contrast by four monolingual children. The authors analyzed the productions of children between the ages of one year, four months (1;4) and two years, four months (2;4). Separate frequency distributions were calculated for the phonemically voiced and voiceless stops at each point of articulation, followed by tests of significance between the mean voice onset time (VOT) values for the voiced and voiceless consonants. In stops, VOT delay or lag is defined as the time, measured in milliseconds (ms), between the release of closure and the beginning of vocal cord vibration in the following vowel (or sonorant consonant). VOT delay is a primary acoustic cue in determining whether stop consonants are perceived by speakers as voiced or voiceless (cf. Iverson & Salmons 1995) : in phrase-initial position in English, stops categorized as 'voiced' have a mean VOT value of less than 20 ms. (thus are phonetically voiceless, and largely unaspirated), whereas stops categorized as 'voiceless' show an average VOT lag of 40 ms. or more (thus are prominently aspirated).
Based on analysis of the VOT values in their participants' productions of initial stops, Macken and Barton identified three stages of acquisition. The first was one in which the children did not produce a voice contrast in any stop consonants, as the VOT values for both voiced and voiceless consonants fell within the short lag range of adult speech. In the second stage, the children produced a statistically significant VOT contrast between the voiced and voiceless stops, but these values all fell within the adult perceptual categories of English voiced stop phonemes. In other words, the VOT distinction that the children were making was not sufficiently great to be perceived by adults, but was nevertheless statistically reliable. The presence of such a covert contrast stage suggested that the children were aware of the voicing contrast, although their implementation of VOT was not yet adult-like. The final stage was one in which the children's production of a VOT contrast resembled that produced by adults. Additionally, Macken and Barton found that the children acquired the VOT contrast at some points of articulation before others.
In the ensuing years, there have been a number of studies on the acquisition of covert contrasts among phonologically disordered children. One of the earliest was by Gierut and Dinnsen (1986) , who analyzed two children, aged 4;6 and 4;3. Phonetic transcription of their utterances indicated that both children were producing the same kinds of errors. Specifically, according to the transcriptions, both children failed to make a voice contrast in word-initial stops. Based on an acoustic analysis of VOT and closure duration, the authors found that one of the children was producing statistically significant differences between initial voiced and voiceless stops in both VOT and closure duration measurements, although these distinctions could not be perceived by adult listeners.
In the following two and a half decades, it seems to have become widely accepted in research on both the acquisition of L1 phonology and on phonological disorders that there is a need to move from listener-oriented to speaker-oriented data (Hewlett 1988) . Numerous studies investigating stages of covert contrast have been carried out in both research domains, on a myriad of phonological contrasts involving a large number of acoustic cues, including, but not limited to, amplitude, differential vowel duration, formant analysis, pitch and VOT. The reader is referred to Scobbie (1998) for a thorough listing and review of a large number of such studies.
In sum, the ample research on the acquisition of covert contrasts in phonological acquisition is sufficient to conclude that making such a contrast is a welldocumented, intermediate stage in acquiring phonemic distinctions. We suppose, therefore, that covert contrasts should be attested in the acquisition of contrasts in second-language phonology, too.
Allophonic splits
As we have detailed in other work, there is evidence that learning to contrast TL sounds which are allophones of the same phoneme in the native language (NL) involves suppressing the NL allophonic rule and results in implicationally related patterns of acquisition. We have shown this claim to be supported for the acquisition of the English /s/ -/š/ contrast by native speakers of Korean (Eckman & Iverson 2013 ). In the current study, we present evidence that the same pattern of acquisition occurs in the case of native Spanish speakers acquiring English /s/ and /z/, and, further, that these patterns are also attested by learners who make the contrast covertly.
In the case of native speakers of Spanish learning to distinguish [s] and [z] phonemically, we assume that, in the early stages of English acquisition, the rule (or implementation strategy) relating [s] and [z] as allophones of /s/ transfers into the IL grammar and applies to the pronunciation of TL words, causing errors. This IL rule is subject to the general phonological constraints that pertain to primarylanguage grammars, including the derived environment effect (Kiparsky 1982) , according to which rules effecting the substitution of one phoneme for another apply only in so-called derived environments. 2 In the context of SLA, this means that an NL rule such as (1) above, when transferred into the IL, begins by applying acrossthe-board. The IL then moves through a stage in which the rule's application persists only in the inter-morphemic environment (i.e., applies only when the following voiced consonant is separated from /s/ by an intervening morpheme boundary, as in seriousness), but is suppressed morpheme internally. Ultimately, the application of the rule is suppressed by the L2 learner, and does not apply at all in the IL. Conversely, rules relating allophones of the same phoneme may apply in both basic and derived environments, without regard for morphological structure. 3 Thus, derived environments consist in portions of words that contain a representation to which a rule would apply inter-morphemically, i.e., the segments in question are separated by a morpheme boundary, whereas basic environments are found in mono-morphemic words which contain the appropriate segments for application of the rule.
2.
Derived environment refers to a context for the application of a phonological rule where the crucial representation needed for the rule to be applicable includes a morpheme boundary. An example of a derived environment in the case of (1) above would be a situation where a morpheme boundary exists between /s/, the segment to which the rule applies, and the following voiced consonant. Cho (1999; 2001) has shown that, in Korean, the effect of allophonic palatalization on /n/ before /i/ is gradient, with a greater palatalizing effect when the following /i/ begins a new morpheme than when it is in the same morpheme. It may be that the variable voicing of Spanish /s/ is implemented similarly, with generally more penetration of voicing into /s/ before a heteromorphemic voiced consonant than before one in the same morpheme. Though we do not have data on that in Spanish, this parallels the pattern some of the L2 learners show in English, which then might suggest transfer from Spanish.
3.
The derived environment effect holds implications for IL phonologies in which an L2 learner must acquire a TL contrast between two segments, e.g., English /s/ and /z/, that are allophones of the same phoneme in the NL. Transfer of the rule relating these NL allophones, before the TL contrast between them has been established in the IL, leads L2 learners to err across-the-board, applying the NL allophonic rule in all environments where it can be applied, irrespective of morphological structure. For Spanish-speaking learners of English, specifically, fricative voicing would take place (incorrectly) both in mono-morphemic Christmas and poly-morphemic seriousness. But as learners acquire the TL contrast in some words (Christmas now with [s] rather than [z] , business still with [z]), thereby introducing these sounds into the IL lexicon as phonemes, application of the NL allophonic rule becomes restricted to derived environments (seriousness still with [z]). 4 Ultimately, the learner may be able to suppress the application of the NL allophonic rule altogether and thus acquire the contrast in all environments (seriousness with [s] vs. noiseless with [z]). In view of the derived environment effect, however, a fourth, logically possible pattern is excluded, viz., that in which the learner suppresses the application of the NL allophonic rule only in derived environments (yielding seriousness with [s], but Christmas with [z]).
Given this background, the specific hypothesis we test here is the following:
(2) Hypothesis Acquisition of the English /s/ -/z/ contrast by Spanish-speaking learners will be sensitive to morphological structure in a manner consistent with the derived environment effect.
Two observations about this hypothesis bear mention. The first is that we will determine whether our participants have acquired the /s/ -/z/ contrast either overtly or covertly. A participant will be credited with an overt contrast in a given phonological environment (e.g., initially, inter-morphemically etc.) if the participant produces, on the basis of the phonetic transcriptions, at least 80% target-like productions for both [s] and [z] in the specified environment. 5 If, according to the transcriptions, the participant fails to reach the 80% threshold on either or both [s] and [z] in an environment, then we conclude that the participant lacks the relevant overt contrast in that environment.
4.
From a historical perspective, words such as Christmas and business consisted of two morphemes, though there is no evidence that native speakers of English today treat them as consisting of two morphemes. Moreover, the protocol we followed required the participants to add the suffixes in question, -ness and -less, as they pronounced the word, thus forcing the participants to make an utterance morphologically composite and therefore, derived.
5.
The 80% threshold for acquisition of a structure in L2 acquisition was first used, to the best of our knowledge, in Cancino et al. 1978 , and has been employed extensively since that time.
The second important aspect of (2) is that evidence of a derived environment effect is the acquisition of the relevant contrast, either overtly or covertly, in only a basic environment, or in both a basic and derived environment, but not in only a derived environment. Thus, all of our participants should evince one of the acquisition patterns outlined above, and none should exhibit the excluded pattern (contrast only in a derived environment).
Methodology Stimuli
In order to test the hypothesis in (2), we elicited productions on the /s/ -/z/ contrast from fourteen L2 learners of English, all of whom were native speakers of Spanish associated with the University of Wisconsin-Milwaukee. In an attempt to enlist participants who had a relatively wide range of English proficiency, we recruited volunteers for the research both from the English as a Second Language Program and from native speakers of Spanish in the campus community. Thus, the participants varied widely in age (18 to 49), in how long they had studied English, in their length of residence in the United States, in their nation of origin and in their overall command of English. All participants were paid a small fee for their participation in the project.
Within this context it is important to point out that our hypothesis is independent of the level of English proficiency for our research participants. In other words, the hypothesis simply asserts that, with respect to the /s/ -/z/ contrast, the IL of any Spanish-speaking learner of English will fall into one of the three predicted stages of acquisition. Therefore, the hypothesis is testable regardless of the English background of the participants.
The stimuli used to elicit the productions consisted of a set of 90 words, 60 of which were targets (listed in the Appendix) and 30 of which were fillers. All are existing lexical items in English, and each target word contained /s/ or /z/ in one of three different positions in a morphologically basic word, and additionally in a morphologically derived environment. In the morphologically basic words, the positions of occurrence for the /s/ or /z/ are initially before a vowel (e.g., sip/ zip), medially following a vowel and before a voiced or voiceless consonant (e.g., Christmas/business), and word-finally following a vowel (e.g., pass/buzz). The morphologically derived environment is the position following a vowel and preceding a voiced consonant at the juncture of another morpheme, either the suffix -ness or -less (faceless/noiseless/seriousness).
Several custom programs were written in MATLAB for the purposes of the present study. A program that controlled the recordings displayed on a computer screen a set of pictures, clues, and commands, such as "Wait" or "Speak", that were designed to guide the participant and the experimenter through the elicitation of each word. Words were elicited, not by giving their spelling, but by displaying an image depicting the object or idea in question for both basic (picture, say, of a face to elicit the word face) and derived forms (same picture, but with the cue, "without, " appearing on the screen one-half second after appearance of the image to elicit the word faceless). If participants did not immediately recognize the word or concept being depicted, they were given on-screen clues, or definitions, and, if need be, a recorded model of the word's pronunciation. The participants were also given a practice exercise with a different set of words using the same cues in order to ensure that they could correctly produce the intended derived words with the appropriate suffix, in this case, -less. The stimuli were presented in a pseudo-randomized order in that all basic forms were elicited before their related derived forms. The elicitations were recorded directly onto a hard disc drive at the sampling rate of 44.1 kHz. Participants spoke into a head-mounted microphone at a distance of one inch from the lips and produced the set of 90 words twice, both during the same session.
Transcriptions
The data were collected at the University of Wisconsin-Milwaukee and then transferred to another major, mid-western university via file transfer protocol where they were transcribed by an assistant who was blind to the hypothesis and unaware of the intended target segments. The transcriber listened to the utterances in question and focused either on a consonant in word-initial position or a word-medial consonant occurring before the suffixes -less or -ness. The transcriber's task was then to choose from a menu of several choices: (4) [t] voiceless alveolar stop, or (5) other. If option "(5)" was selected, the transcriber was also required to enter the segment or to make a comment on what was heard. The completed transcriptions were then returned to UW-Milwaukee where they were scored.
For the purposes of testing the hypothesis, we consider the basic environment to be exemplified by two phonological contexts: in words containing [s] and [z] in word-initial position before a vowel, and in words with those sounds in wordmedial position following a vowel and before a consonant. Derived environments are found in words in which either [s] [z] in a given environment, the performance on the productions had to reach the 80% criterial threshold for both [s] and [z] in that environment, as already noted above. If a participant's target-like pronunciations reached the criterial threshold on only one of the segments in a given environment, or did not reach criterion on either segment, the participant's IL grammar was scored as lacking the contrast in that environment. For example, a participant had to produce [s] in at least eight of the ten words in which [s] occurred in initial position before a vowel, and likewise for [z] , in order for the IL to be accorded having the /s/ -/z/ contrast in the basic environment.
Acoustic analysis
As we are also investigating whether any of our participants made a covert contrast between [s] and [z], we performed an acoustic analysis on the relevant sound files. We begin by considering the acoustic measures for distinguishing between [s] and [z] in general, and then proceed to the particular parameters that we employed.
Previous literature has demonstrated the robust effect of voicing on the duration of fricative noise, with a longer period of frication occurring for voiceless than for voiced fricatives. For example, in a corpus study, Crystal and House (1988) found that the duration of voiceless fricatives was overall 47 ms longer than that of voiced fricatives (97 ms for voiceless fricatives versus 50 ms for voiced). Similarly, Stevens, Blumstein, Glicksman, Burton and Kurowski (1992) reported that the duration of the voiceless fricative [s] was about 30 ms longer than that of the voiced fricative [z] in intervocalic position (108 ms for the former, 78 ms for the latter). The voicing of fricatives is also known to affect the duration of the preceding vowel. In English, vowels are typically about 100 ms longer before voiced than before voiceless obstruents (House 1961 ; but also see Crystal & House 1988 who report this difference only in utterance-final position).
7.
We also elicited tokens of [s] and [z] in word-final position; however, we are not reporting these data because none of the subjects even approached the criterial 80% threshold on these productions.
Another important correlate of the voiced-voiceless contrast for fricatives is the duration of voicing during the fricative noise. In other words, the amount of overlap between the fricative noise and the period of voicing has been shown to be systematically greater for voiced fricatives than for voiceless fricatives. This measure has been successfully used to examine, for example, the partial devoicing of [z] , which seems to be virtually universal in utterance-final or pre-pausal position (e.g., Smith 1997 ). However, it should be noted that fully voiced fricatives with 100% overlap (i.e. fricatives in which the time of vocal cord vibration overlaps completely with the period of frication) are relatively difficult to produce, and are uncommon cross-linguistically. As the airflow from the lungs is interrupted by the constant closing and opening of the glottis for voiced fricatives, it is physiologically difficult to maintain, at the same time, both voicing and the high velocity of airflow necessary for the turbulent noise characteristic of a fricative.
The acoustic measure that we used for distinguishing the production of [s] and [z] by our participants was the percent of voicing that overlapped with the fricative noise for each token of these segments. For the target fricative consonant in each word, we calculated the percent of the fricative noise duration during which the vocal folds were vibrating. On this measure, zero percent indicates that the frication noise did not overlap at all with the observable vocal fold vibration (as indicated by periodicity in the waveform and vertical striations in the spectrogram). Alternatively, 100 percent indicates that the overlap between frication and voicing was complete.
It is worth making several points about the acoustic measure that we employed. First, since some of the [s] and [z] segments that we analyzed occurred in word-initial position, it was not possible to use the difference in the duration of the vowel before a voiceless versus voiced fricative as a distinguishing measure. Second, the measure that we employed is appropriate for our data in that the target words were not controlled for the number of segments they contained; rather, the words were chosen on the basis of how easily and recognizably they could be pictured on a computer screen. Because the duration of segments varies depending on the number of segments in the word (cf., e.g., Lehiste 1972), we used proportional measurements rather than raw numbers. Thus, for any target segment, we measured the percent of the fricative noise that overlapped with voicing. Figure (1c) exemplifies no overlap between the fricative noise and voicing, as voicing does not begin until the onset of the vowel. The acoustic coding was carried out by two trained assistants using Praat (Boersma & Weenink 2005) . Visual information from the spectrogram and waveform, as well as auditory information, were used to determine the beginning and end of fricative noise and voicing.
Results
We report findings first with respect to whether the participants exhibited an overt contrast between [s] and [z], then whether the participants evidenced a covert contrast between these segments. Table 1 shows the participants' productions, according to the transcribers, expressed as a percentage of target-like performance, in words containing [s] and [z] in the three relevant phonological environments: initially, medially and intermorphemically. Table 2 translates the results from Table 1 into categorical representations as to whether a given participant's IL showed a voice contrast between [s] and [z] in his/ her English productions, again in the three specified phonological environments. 3017  100  0  10  100  20  85  3018  100  0  80  40  50  20  3020  100  50  30  90  25  65  3021  100  0  0  100  5  85  3022  100  40  30  100  5  90  3025  100  0  80  30  80  15  3029  100  60  30  60  60  85   Contrast in basic environment  3019  100  100  0  100  30  95  3026  100  90  40  80  40  80  3027  100  80  20  50  40  95  3028  100  90  80  90  70  40  3030  100  90  30  70  45  100  3031  80  90  20  60  20  100 Contrast medially & in derived environment 3024 100 30 90 80 85 85 The findings presented in Table 1 support the hypothesis, which claims that the presence of the contrast in derived environments implies the contrast in basic environments, but not vice versa. All of the participants fall into one of the permitted patterns and none of the participants evinces the excluded pattern. The first set of participants in the table represents the "no contrast" group in that none of them exhibits the /s/ -/z/ contrast in any of the three environments. This is because there are no scores at or above the 80% threshold on both [s] and [z] in any of these environments. The second group of participants in the table evidences the contrast in the basic environment, specifically, in word-initial position, or in word-initial and word-medial positions, but not in the derived (inter-morphemic) environment. The final participant, 3024, is classified as having the contrast in both basic and derived environments, with 3024 evincing the contrast in both a basic (word-medial) and a derived (inter-morphemic) environment. Thus, the first three groupings of the participants in Table 1 are consistent with the hypothesis in (2): seven participants do not have the contrast in any environment; six participants show the contrast in the basic environment only; and participant 3024 has the contrast in both the basic and derived contexts. Moreover, none of the participants exhibits the excluded stage of acquisition, i.e., showing the contrast only in the derived, intermorphemic environment while lacking the contrast in the basic environment. The productions of participant 3024, while consistent with the hypothesis in maintaining the contrast in both the derived and basic environments, are a bit of an anomaly, because this participant maintains the contrast in word-medial position, but lacks the contrast word-initially. The general expectation among phonologists is that a word-medial contrast would also occur word-initially. We will have more to say about this participant's performance below.
We now focus on results showing that some participants make a covert contrast between English [s] and [z] . Findings are reported first for the group of participants, as is customary, then for individuals, as is necessary in the context of our hypothesis. Our hypothesis makes claims about the status of a learner's IL grammar, stating that acquisition of the /s/ -/z/ contrast will exhibit a derived environment effect. IL grammars are mental systems whose placement in time and space is in the mind of individual learners. Therefore, we must test such claims about the state of an interlanguage grammar using individualized data, simply because there is no IL grammar of a group of people, at least not one that can be situated in time and space, just as there is no mind of a group.
Group results
In order to examine whether our native speakers of Spanish were making an acoustic distinction between [s] and [z], we compared the percent of the fricative noise overlapping with voicing for [s] and [z] using paired t-tests. Before running these t-tests, we examined the distribution of the data. Because the distribution turned out to be skewed to the right, the data were log-transformed in order to better approximate a normal distribution. When transforming the data to logarithmic values, following convention, we first added a constant, 1, to all raw percentages (some of which were 0, indicating no overlap) so that all percentages were greater than 0. This procedure was to avoid dealing with the log of 0, which cannot be defined.
The group results for all of the participants for the paired t-tests using the logtransformed data are shown in Table 3 .
The findings suggest that the percent of fricative noise that overlapped with voicing for [s] significantly differs from that for [z] word-initially and intermorphemically, suggesting that [z] is significantly more voiced than [s] in these positions. However, the difference was not significant in the basic-environment of word-medial position following a vowel and preceding a voiced consonant, i.e., where the fricatives were produced. 
Individual results
Next we examined which of the individual speakers showed a difference in the degree of fricative voicing between [s] and [z] . To this end, we ran unpaired t-tests for each speaker, using values from individual target words for each participant.
As with the group data, the raw percentages were log-transformed before running the unpaired t-tests. Table 4 compares the results from the acoustic analysis and phonetic transcriptions in word-initial position. The results show that all 6 participants who reached the criterial threshold of 80% (as indicated by "Yes" under Transcription results in [z] in some other way that was perceived by the transcribers. Table 6 compares the results from the acoustic analysis and phonetic transcriptions in inter-morphemic position. Although none of the participants (except for 3024) reached the 80% threshold on the basis of the phonetic transcriptions, three of the participants (3019, 3029, 3030) To summarize this section, the results of our acoustic analysis revealed that four participants (3020, 3029, 3019, and 3030) (Eckman & Iverson 2013) . The case at hand, however, is complicated by the fact that the Spanish allophonic pattern produced by (1), which voices /s/ to [z] before voiced consonants, is optional, or gradiently variable, and subject to rate of speech (Bradley & Delforge 2006; Harris 1983; Hualde 2005) .
As a consequence, native speakers of Spanish learning the English /s/ -/z/ contrast would seem to have a greater possibility of splitting their NL allophones [s] -[z] into separate phonemes by suppressing the pattern resulting from (1) than would L2 learners who have to suppress an allophonic rule that is obligatory (Eckman & Iverson 2013) . We would therefore expect that those research participants who have acquired a contrast between /s/ and /z/, in at least one position, not to impose the NL pattern arising from (1). In other words, we would expect that those learners who know that the TL contrasts /s/ and /z/ in, say, word-initial position, would not transfer the NL pattern in (1) to the IL, because imposing this pattern would neutralize the /s/ -/z/ contrast. As we can see from Table 2 , however, this is not the case, as participants 3019, 3026, 3027, 3028, 3030 , and 3031 produce the contrast word-initially, yet -except for 3019 and 3030, who show the contrast covertly in inter-morphemic position -they continue to follow the NL pattern by voicing /s/ to [z] before a hetero-morphemic voiced consonant. The behavior of these six participants would fall into place if it turned out that NL allophonic patterns are not optional when implemented in an IL, or if their elicitations were produced at a speech rate that caused the rule or constraint in (1) to be invoked consistently. For now, we must leave the question open.
The second point we would like to make related to second-language acquisition theory concerns the derived-environment effect. As outlined above, the derived-environment effect is a constraint according to which any learner acquiring an allophonic split will make the relevant contrast in a derived environment only if that learner also makes the contrast in a basic environment. This constraint obtains for our participants, and interestingly, holds also for those participants making a covert contrast. Thus, participants 3029, 3019 and 3030 evince a covert contrast between [s] and [z] in inter-morphemic position. These same participants also show that contrast in basic environments, either overtly, as in the case of participants 3019 and 3030, or only covertly, as with 3029.
Within this context, we should point out an apparent anomaly in the productions of 3024. Although this participant maintains a contrast in both a basic and a derived environment, the contrast in the basic environment occurs in word-medial position but not, as we would expect, also in word-initial position. Because the transcriptions for this participant ran counter to this widespread expectation that a voice contrast in word-medial position would entail such a contrast word-initially, the investigators listened to the sound files of the tokens containing word-initial [s] and [z] for this participant. Whereas the words containing initial [s] were pronounced by this participant with what was clearly a voiceless sibilant fricative, the tokens containing initial [z] , conversely, in most cases sounded more voiced than voiceless, and in other instances were clearly voiced. 9 However, because our stated protocol was to accept the transcriptions as they came to us via file transfer protocol from the assistants at a Midwestern university, we nevertheless based our findings on these renderings of the utterances. Further analysis may show that participant 3024 nonetheless does evince a word-initial contrast between [s] and [z] , along with the noted word-medial contrast.
Pedagogical implications
We now turn to three pedagogical implications of our findings. The first is that the relative difficulty that L2 learners have in splitting NL allophones into TL phonemes was first pointed out, to our knowledge, by Lado (1957: 15) , when he claimed that this learning situation constituted maximum difficulty. Our findings can shed some light on the explanation of this difficulty in that the derived environment effect constrains learning such that acquisition of a contrast in derived environments implies that the learner will have the contrast in basic environments. This allows, of course, for the L2 learners to show the contrast in basic contexts, yet lack the contrast (that is to say, to continue to err systematically) in derived contexts. We can only speculate at this point, but observation of this learning pattern may have caused linguists and language teachers, including Lado, to take note of this difficulty.
The second pedagogical implication is that acquisition of a phonemic contrast, especially one involving an allophonic split, is a function of phonological environment. The fact that an L2 learner has acquired a TL phonemic contrast in a given environment does not mean that the learner has also acquired that contrast in some other environment. Our findings indicate the contrary: a learner may systematically evidence a contrast in one environment, and just as systematically lack that contrast elsewhere. Moreover, our results also show that there is a relationship between the existence of certain kinds of contrast and the environments in which those contrasts occur.
The final pedagogical consequence of these findings is that learners may make a phonemic contrast covertly. If our results, which still must be considered preliminary, are viewed in the same light as work on covert contrasts in L1 acquisition and phonologically disordered speech, then the presence of covert contrasts among L2 learners points to an intermediate stage of acquisition. On this interpretation, 9. The protocol for the elicitation of the data from the subjects directed us, in cases where subjects produced more than a single token of the target word, to accept only the last uttered token. Subject 3024 produced two or more tokens of four of the ten words, and pronounced the majority of them with a voiced sibilant fricative. If all of these utterances were considered, 3024 would have reached the 80% criterion in the pronunciation of word-initial [z] .
it would be expected that some L2 learners progress from a state of no contrast and then pass through a stage of covert contrast before ultimately arriving at a (final) stage of overt contrast. Indeed, an intermediate stage of covert contrast appears to be necessary, as it takes time to learn, progressively, the phonetic implementation of target phonemes.
Conclusion
This paper has reported findings indicating that the acquisition of an L2 phonemic contrast may involve, for at least some learners, an intermediate stage of covert contrast. Some L2 learners may implement a TL phonemic distinction in a way that can be reliably measured acoustically, but which is not perceived by native speakers of the TL, even those who are phonetically trained. The existence of an intermediate stage of covert contrast in the learning of L2 phonology is eminently plausible, in view of the progressive nature of this task, and brings the acquisition of second-language contrasts into conformity with findings of the same phenomenon in the areas of L1 acquisition and phonologically disordered speech.
